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only a few pedigrees. However, there have been re-
ports of specific mutations among various ethic groups,
including p.G717V in blacks (Adjalla et al. 1998),
p-N219Y in Caucasians (Acquaviva et al. 2001), and
p.R108C in Hispanics (Worgan et al. 2006). Ogasawara
et al. (1994b) reported a relatively high incidence of
p.E117X in Japanese patients and, more recently,
Kobayashi et al. (2006) identified the plural occurrence
of each of six mutations (p.L494X, p.R93H, p.E117X,
p-R369H, p.G648D, and c.385 + 5G > A) in another
Japanese population.

In study reported here, we performed mutation and
haplotype analyses on 29 Japanese patients with mut
MMA to examine the spectrum of mutations within the
population and explore the possibility of a molecular
diagnosis.

Methods
Patients

Twenty-nine apparently unrelated mut MMA patients
were studied in the present investigation. There were
no consanguineous marriages among the parents of
these patients. Patient 6 was a Brazilian descended
from Japan immigrants. All of the patients with
available clinical information had been symptomatic
during their neonatal or infantile periods. Respon-
siveness to vitamin B12 was not found in all of the
patients except patient 7. The oral administration
of vitamin B12 in patient 7 reduced the urinary
excretion of methylmalonic acid clinically, and the
fibroblasts from this patient showed an increased
incorporation of !*C-propionate — from 7 to 40%

Table 1 Primers for the amplification of the MUT gene

~ following the administration of vitamin B12 in vitro
(case 2 in Kakinuma et al. 1985). This patient was
classified as cbl MMA on the basis of these findings,
but neither the MMAA nor MMAB mutation was
found (Yang et al. 2004). Patient 23 exhibited one of
the mutations (p.V669E), but another mutation was
not found in the previous study (cell No. 69 in
Mikami et al. 1999). The diagnoses of MMA were
confirmed by urinary organic acid analysis using gas
chromatography and mass spectrometry. The MCM
assay was performed in most cases by measuring the
isomerization of L-methylmalonyl-CoA to succinyl-
CoA by means of high-performance liquid chroma-
tography (Kikuchi et al. 1989), and MCM activity was
undetectable in all of those assayed. We could not
successfully subclass the patients into mut’ or mur” by
this method.

Direct sequencing of the MUT genes

Genomic DNA was extracted from cultured fibro-
blasts, EBV-transformed lymphoblasts, or leukocytes
with the aid of a Sepa Gene Kit (Sanko Junyaku,
Tokyo, Japan). All coding exons, including franking
introns in MUT, were amplified by PCR (Table 1).
To facilitate the cycle sequencing analysis, the KS
primer sequence and M13 reverse primer sequence
were attached to the 5’ ends of the sense primers and
antisense primers, respectively. The PCR products
were directly sequenced using a Big Dye Primer
Cycle Sequencing kit and an ABI 310 Genetic
Analyzer (PE Applied Biosystems, Foster City,
Calif.).

The Ethics Committee of the Tohoku University
School of Medicine approved this study.

Sense primer®

Antisense primer®

MUT-Ex2-KS KS-GAGTAGCTCCTATTTCCCAC
MUT-Ex3-KS KS-ACCTTGATTCCAGACTCTTG
MUT-Ex4-KS KS-AGTCCTGATGATGGTTCATG
MUT-Ex5-KS KS-TGTACGTGCACTGATCITAA
MUT-Ex6-KS KS-GCTATTCTGAAGCTTAATAT
MUT-Ex7-KS KS-TGATGTTITATTTAATTCTIGT
MUT-Ex8-KS KS-CTCAGATTGGGATTTGCTGA
MUT-Ex9-KS KS-ATGCTATGCATCAGGGTCTA
MUT-Ex10-KS KS-GAATTGGATGCATAAAGGCA
MUT-Ex11-KS KS-CTTGAAAGATTTGCTGTGAA
MUT-Ex12-KS KS-GCCCATTAGTATGTTCTGAA
MUT-Ex13-KS KS-TGCCAGTAGTATACCAGTTG

MUT-Ex2-Rev Rev-GAGTGAATATCATCTITTACA
MUT-Ex3-Rev Rev-CTACATTCAAGGAACTATAG
MUT-Ex4-Rev Rev-ATCTAAATCTAGCCTGACAT
MUT-Ex5-Rev Rev-CTTGTGCCACATTGCTCAGA
MUT-Ex6-Rev Rev-TATAAATCTTGACTTIGTAAG
MUT-Ex7-Rev Rev-GTGCATCCATGTATGTGAAA
MUT-Ex8-Rev Rev-CACCTCATGCTGTTGTAAGG
MUT-Ex9-Rev Rev-ACATGGTTTACAGGATCAAC
MUT-Ex10-Rev Rev-TTTCTCAGTTGTATGTAAGG
MUT-Ex11-Rev Rev-TACCAGTTACCAGGAGATGT
MUT-Ex12-Rev Rev-ACACTGTCCACTTTITAGACC
MUT-Ex13-Rev Rev-GAAGACATAGCTTITACTCTC

* KS, CGAGGTCGACGGTATCG
® Rev, CAGGAAACAGCTATGAC

@ Springer



J Hum Genet (2007) 52:48-55

50

Oeyead) (Ho9ed )
00 20 v O Vi ov oV 9ILT VO VV \AY 1 <8011 V < DYOTID squom of 4 s1d
AW (He9ew'd)
DV 20 \A% \A Y ov 0D 9191 0990 VV \ &> D < VI V < D011 . squom [T 4 v1d
(O6vedd) (HSoTY d)
oV 20 \A 4 \A 4 oV 00 9191 D0 VYV Vo 1 <8011 V < DETED skep ¢ 4 £nd
(30110 201ds) (o113 2o7ds)
dqgreps+ dqgrepg+
\A% 20 vV \A% \A Y 090 9191 DD VYV ) €SLTESLD £SL7ESLD Kep 1 W nd
( (30119 20 ds
Yoz d) (V < DGH+ISAD
oV [23e) DV iV vV vO LI9T DD VvV vo 2 < D09STD V < DGHERED shep ¢ W md
XperTd) (V < DGHISAD
\A% 20 \A% vV vV DD AN DD OV Do V < LISHTo V < DE+SRED “ 4 ond
(H69£d d) (V < DS+ISAD
oV [2%e) oV Lv \A % VO (LI91 DD VvV Vo V < 090112 V < DG+EEE™ skep ¢ n 6
(He9ed'd) (¥ < DS+ISAD
oV 23] ov LV vV VA AL DD VYV VO V < DYOTT? V <Dg+sged  shep €7 W d
(Heved'd) (V < DG+ISAD)
\A % 20 \A% aN vV D0 dN DD VvV Do V < DYOIT2 V < Dg+GBED  squom g 4 J2%
(V < DS+ZSATD (V < DS+ISAD
vV anN aN aN aN aN  dN anN aN 00 V < DGH+E8ED ¥V < DSH+E8E™ skep ¢ W 9d
. (V < DS+ISAD (V < DG+ISAD
\A% fo¥e) \A% \A% \AY 00 AN DO VV D0 V < DG+ERED V < Dg+sged  shep gz W sd
xXezegd) Xctrad)
ov 0D oV v \A 4 vO L9 00 VD Vo L <06LIT? L<O6rED  21BUO0IN W vid
: (Xrer1d) xer1a-d)
vV 20 \A% \A 4 \A 4 D0 9797 0D 0O 0o V < LIS L < D6bED - W £d
xLrig-d) xXcria-d)
\A% 00 \A% \A% vV D0 9191 00 D9 DD L < 06vE™D L < D6pED skep ¢ W od
(0Txss A
00LND)
Lviep (Osory-d)
oV f2%0) ovy dN \A% DV aN DD VYV VO 660786072 L <0Tee» skep 4 d
L8I8SHISI GCCELPOST LSSELYESI €8PEIPESI 9BLISEESI 8SSSELP6SI SBETCRLIST Y8E6TTTSI
V<9 0D<D <y L<V o<V V<D ur V<D <Y o<y
99+ €G- vo- LL+ 91+ 0s-
11022 8081  LLO9T®  LL9TD  9L9TD $6S1> 09ST YT 1) ) 9€90 Juaned
. Jo Iaqunu
suistydrow£jod apnosponu 318mg Z Qv 1 2191V JosUQ  19pU9D) judned

auad 7w = m swswydiowAiod apriospdnu oj8uls pue suoneIn 7 IqEL

pringer

as



51

J Hum Genet (2007) 52:48-55

J]qefieAe joU Sem UOTJBULIOJUT [ESIUN) ,

uop jou gN
. (mr69a-d) Xtzrgd)

Vo 20 VO Vi \AZ OV 911 DD VYV oV L <00802 L <D6L1Z2 squom [| W 60
(eTxsmezLd) Xtzoaed)

00D oY) Vo Vi oV DV 9T/ VDO VV VA VOIPRP06Y 6892 L <06LIT? 4 gd
Xtzead) xtzedd)

oY) [a Y1) 00 AR \A% VvV 90 VYV \A% L <6LIZ? L <06L1Z2 W tod
(LTXsIvSYd d) (LTXSIPS94°d)

\A% 20 vV \A% \AZ D9 9191 DD VYV 00 11929612 LI12pT9612 d 92ud
Xtz d) (L < OT+8SAD

Do Do oo ll \A % vV QN 00 VV \A% L <06L1T? L < DT+096T n sz
. , (xzzrgd) (L < DI+8SAD

D0 o) 50 il \A% \ A ZNA YA 50 VYV \A4 L <J6L1Z™ L < DTH9ST d void
(F699A'D) (1 < DT+8SAD

DO 90 0o 1l \A% VvV L 00 VvV \A/ V < 19002 1 < DT+0Y6T™ 4 g0d

Xver1d) :

DV 20 vV vV ov DD 9191 5D VDO VO punoj AN V < LISHT™ W zod
Oaer1d)

v 290 oV 1V \A VO (191 D0 VO Vo punoj IN V < LISPT 4 T2d
(L < DT+8SAD xXrer1d)

oV [a¥e) DV Lv vV VO (191 D0 VvHO Vo L < OT+H09ST V < L1861 W od
(0s9e'd). (XrevTd)

ov 20 vV \A4 ov D9 9191 DD VO vo 1 < 25011 V < LISHTD W 6T
X6y Td) (Xper1d)

\A% 20 \A/ \A% \AZ 09D 9191 00 099n 00 V < LI8HT V < L1861 W 81
(Xv6rTd) xXvoyT1d)

A% 20 vV \A% vV 09 9791 o0 990 (oY) V < LIspT™ V < LISKT™ W Ltnd
: (He9e"d)

v O 2D vo vl \AY DV 9Ll 0D VYV ov punoj N V < D9OTL? 4 91 d

LBIBSYISI SCSELYESI LSSELY6SI €BYEIPESI 9RLIBEGSI 8SSSELYES 8REISRLISI $E6TTTSI
A\ A D<D D<vy 1<V o<V V<D ay V<D <V <y
99+ €6 v9- LLt 9T+ 0s-
11022 8081D  LI9TD  LL9TD  9L91D S6ST 09512 S6Y1d  p8OTd 9£9'2 uoned
Jo Iaquinu
swsmydiowAjod spnoaponu of3mg Z 21NV 199NV I9puan) juoned

panunuod g aiqey,

pringer

s



52

J Hum Genet (2007) 52:48-55

Results and discussion

Twenty-nine mut MMA patients were studied for
mutation analysis. Sequence analysis identified muta-
tions in 95% (55/58) of the disease alleles (Table 2),
with 17 mutations being identified in total. Three of the
patients (16, 21, and 22) had only one mutation as a
heterozygous change each.

Four mutations were novel (p.M1V, c.753_753 +
5delGGTATA, c.1560G > C, and c.2098_2099delAT).
The mutation in the translation initiation codon, M1V,
has been reported to be pathogenic in other diseases
(Lyonnet et al. 1992; Cheadle et al. 1994). The pres-
ence of a splice donor site in intron3 of
¢.753_753 + 5delGGTATA suggests that this deletion
plays a pathogenic role. The sequence flanking this
deletion exhibits an intrastrand complementarity
(CAAAGGTATACTTTG). It is hypothesized that
¢.753_753 + 5delGGTATA is associated with the for-
mation of the hairpin loop structure in a single-strand
DNA (Robinson et al. 1997). A ¢c.1560G > C substi-
tution was identified at the 3’ end of exon 8 that

appeared to result in missense-mediated splicing er-
rors. A two-base deletion, ¢.2098_2099delAT, resulted
in a frame-shift and a premature termination.

The total allelic frequency of four mutations
(c.385 + 5G > A, p.R369H, p.L494X, and p.R727X)
was 55% (32/58). The p.E117X mutation, previously
reported as a relatively frequent mutation in Japanese,
was found in four alleles (7%) in this study. The
mutations p.R93H and p.G648D each appeared more
than once in the data from Kobayashi et al. (2006),
whereas our data revealed neither. The mutations
p.G717V (common mutation in black) and p.N219Y
(common mutation in Caucasians) were not found, and
p-R108C (common mutation in Hiapanic) was detected
in only one allele in this study. Figure 1 summarizes
the mutations found in 46 Japanese patients (Oga-
sawara et al. 1994a, b; Toyo-Oka et al. 1995; Mikami
et al. 1999; Kobayashi et al. 2006). Worgen et al. (2006)
identified exons 2, 3, 6, and 11 as mutation clusters,
whereas our data on Japanese patients indicated that
76% (70/92) of the mutations were located in exons
(and franking introns) 2, 6, 8, and 13.

Mitochondrial
targetting
sequence, .
Dimerization’m 2 ]\ o1 A6 (v
domain ©2786YA (.R2)
028065T (p.ES4X)
©.3220>T (.R1 080)
(B’ 8 @.223G>A (p.R108H)
barrt'al — 0.349G>T (.E117X)
domain S ©.385+5G>A GVS2+5GIA)
©.449-4600et 2bp
c509GA (p.A1S7T)
0.68840T (pN21SY)
o589-690dai0A (p.T231IsX1 3)
Linker 0.363-783+Bdeibbp

a102TDA (p.V363D)
©.410350>T (p.R3690)
0.11088>A (p.RISSH)
CA48I TOA (p.L4S4X)
©.1560G>0

01560+1@>T AVESHI 65T
0.1943G>A (p.GS48D)
c.1962delT (.PE54EXIT)
10 ©.2008TOA (p.VES9E)

domain —

@, w5 0.208005T (p.RES4W)
cobalamin ©.2088-2099¢elAT (p.MTOOVESX) 0)

binding ©.£1780>T GRILTIX)

domain ’ 0

Fig. 1 The distribution of mutations found in 46 Japanese mut MMA pafients (Ogasawara et al. 1994a, b; Toyo-Oka et al. 1995;

Mikami et al. 1999; Kobayashi et al. 2006; and this study)
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With respect to genotype-phenotype correlations,
patient 2 was homozygous for the p.E117X and mani-
fested symptoms on the fifth day of life. Ogasawara
et al. (1994b) reported a patient homozygous for
p-E117X who showed initial symptoms at the age of
9 months. Patients 5 and 6 were homozygous for
¢.385 + 5G > A, and the onset was neonatal in both
cases: patient 5 is still alive (now 7 years old) and pa-
tient 6 died after the first attack. Three patients (7, 8,
and 9) were compound heterozygotes of
c.385 + 5G > A and p.R369H: patient 7 manifested
symptoms at 8 months and these have been kept under
well control with vitamin B12 treatment; patients 8
and 9 both showed initial symptoms in the neonatal
period and did not response to vitamin B12. In a pre-
vious kinetics study, the V., value of the p.R369H-
mutant enzyme was only 1% of that of the wild type
(Janata et al. 1997), and Toyo-Oka et al. (1995) re-
ported that reverse transcription (RT)-PCR did not
demonstrate the presence of a normally spliced tran-
script from fibroblasts of a homozygote of
¢.385 + 5G > A. We have no explanation why pa-
tient 7 responds to vitamin B12 treatment. The clinical
features seem to correlate not only with genotype, but
also with other unknown environmental factors, such
as the nutritional state and/or modifier genes.

Ten single nucleotide polymorphisms (SNPs) were
found in the sequenced region, and the haplotypes
could be separated into five groups based on five SNP
patterns (Table 3). Among the more frequent muta-
tions, p.E117X and p.L494X were linked to haplo-
type 1; ¢.385 + 5G > A was linked to haplotype 2;
p-R727X was linked to haplotype 5. These frequent
mutations appeared to have been spread by the foun-
der effect in the Japanese population. Mutation
p-R369H, on the other hand, may be of a double origin
(haplotypes 2 and 5). The p.R369 codon contains a
CpG dinucleotide, and p.R369H has been found in
Turkish, Greek, Caucasian, Hispanic (Worgan et al.
2006), and Korean (Jung et al. 2005) populations.

In conclusion, a limited number of mutations ac-
counted for most of the Japanese mut MMA patients,
which is in contrast to the results of a previous study on
Caucasian patients. Hopefully the results reported here
will facilitate the DNA diagnosis of mut MMA within
the Japanese population.
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ABSTRACT:

A novel human cytochrome P450, designated CYP2W1, has re-
cently been identified and is found to be present mainly in tumor
cells, particularly in colon cancer cells. In the present study, we
report the first systematic Investigation of polymorphisms in the
human CYP2W1 gene. Based on denaturing high performance liq-
uid chromatography analyses of polymerase chain reaction prod-
ucts, we analyzed nine exons and exon-intron junctions of the gene
in DNA samples from 200 Japanese subjects and identified six
single nucleotide polymorphisms (SNP). Three of the novel non-
synonymous SNPs were as follows: 173A>C {Glu58Ala) in exon 1
and 5432G>A (Val432ile) and 5584G>C (GIn482His) in exon 8,
Two previously known nonsynonymous SNPs, that is, 2008G>A

(Ala181Thr) in exon 4 and 5601C>T (Pro488Leu) in exon 9, were
also found. On haplotype analyses, in addition to the wild-type
CYP2W1*1A (frequency, 0.295) allele, other alleles, namely,
CYP2W1*1B (0.318), CYP2W1*2 (0.005), CYP2W1*3 (0.005),
CYP2W1*4 (0.008), CYP2W1*5 (0.003), and CYP2W1*6 (0.368),
were also characterized. The most common allele, CYP2W1'6,
exhibited the amino acid substitution Pro488Leu. These resuits
were in good agreement with the expected genotype distribu-
tions that were calculated using the Hardy-Welinberg equation.
The data on variant alleles and comprehensive haplotype struc-
tures would be useful for predicting the metabolic phenotypes of
CYP2W1 substrates in the Japanese population.

Cytochromes P450 (P450s) are mono-oxygenases that play an
impartant role in the oxidative metabolism of many therapeutic drugs
and endogenous compounds such as fatty acids, vitamins, and ste-
roids. The P450 enzymes are géxprcsscd in high levels in the liver, but
these enzymes are also found in extrahepatic tissues. Extrahepatic
tissues with high P450 expression levels are the respiratory and
gastrointestinal tracts that are exposed to foreign compounds entering
the body. The extrahepatic P450 enzymes can be important for tissue-
specific metabolic activation or the inactivation of xenobiotic com-
pounds. .

CYP2W1, an extrahepatic P450, was recently identified. Tn adult
human tissues, CYP2ZW1 mRNA was either not expressed or ex-
pressed at very low levels (Choudhary et al., 2005; Aung et al., 2006;
Karlgren et al., 2006). In human tmor tissues, CYP2ZW1 mRNA is
expressed in the colon and adrenal gland (Karlgren et al., 2006). In
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particular, high CYP2W1 mRNA and protein expressions were found
in HepG2 cells {Karlgren et al., 2006). Several studies on CYP2W1
have recently imvestigated the activity of CYP2W1 heterologously
expressed in Escherichia coli and mammalian cells. Karlgren et al.
(2006) reported that the CYP2W1 expressed in HEK293 cells cata-
lyzes the oxidative metabolic conversion of arachidonic acid into
8,9-dihydroxyeicosatrienoic acid (DHET), 11,12-DHET, and 14,15-
DHET at a small but significant rate. Wu et al. (2006) reported that
recombinant CYP2W1 expressed in E. coli metabolizes benzphet-
amine and catalyzes the activation of several procarcinogens, partic-
ularly polycyclic hydrocarbon diols. Yoshioka et al. (2006) also
showed that CYP2W1 expressed in E. coli catalyzes the oxidation of
indoles.

Wide interindividual differences in metabolic capacity have been
detected in many CYP enzymes. For CYP2W/, several single nucle-
otide polymorphisms (SNPs) have been reported thus far, but three of
them arc located only within exons (http://www.ensembl.org and
hup://www.hapmap.org). The SNP 166C>T that is located in exon 1
is silent, but both the other 2 SNPs, namely, 2008G>>A in exon 4 and
5601C>T in exon 9, give rise to the amino acid exchanges Alal$1Thr
and Pro488Leu, respectively.

In the present study, we systematically investigated the variants of
CYP2W1 in a population sample that comprised 200 Japanese sub-
jects. To analyze the protein-coding region of all of the 9 exons and
find novel genetic variations, we used a denaturing high performance

ABBREVIATIONS: P450, cytochroms P450; SNP, single nuciectide polymorphism; DHET, 8,9-dihydroxysicosatrienoic acid; DHPLC, denaturing
high performance liquid chromatography; PCR, polymerase chain reaction; Cl, confidence interval.
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TABLE 1
Amplification and DHPLC conditions for CYP2W1 SNP analysis of genomic DNA
Exon Size Forward Printer (5’ to 3') Reverte Primer (5 to 3) Annealing Temperarure PCR Cycles DHPLC Temperature
bp °C °C
f 264 ggacggggcccaggacgogagtoga ggcagctgtccaageggcaagaget Slowdown® 70.0-55.0 63 64.8, 67.5
2 253 cttgtgggtgagggctoeccecgggtg tgcceccacacccagtaggeccegt 60.0 35 66.5
3 240 ctggggtgggaacctgggctcacca ggcacgtccaggeceggegagyggge 60.0 35 65.0, 67.5
4 248 cccoccteeccgggeetggacgtgect actccaggctecaccecaccscaag 60.0 35 64.0
5 264 cctggggctgegtecttatcteege caggacccctacaggcecttcaagga 60.0 '35 65.5
6 229 acsgaccccagatcatcccacgage ccccgggggeagaaggageegtete 60.0 30 664
7 275 acgagggatggcgctgecacccaag cctaccccagaggagatggaaggygy 60.0 35 66.8
8 232 atcttececeggggeceetetotetyg gageectggaggtgecgeeccacee 60.0 35 65.4
9 278. agcaggcctggtgcageccactetg gctgggaggggagtggtcaggagga 60.0 35 66.8

*Slowdown pruwocul: The annesfing teanperature was decreased after cycle 3 by 1.0°C every three cycles beginning a1 70°C and decreased to 3 "stowdown” mnealing teinperature of 55°C fullowed

by 15 additional cycles with an mmealing temperanre of &(°C. The PCR was used with a ramp rate a1 2.5°C/s and reaching annealing temperature at 1.3°Cls.

liquid chromatography (DHPLC) system. In addition, cloning meth-
ods were used to determine these haplotypes of CYP2WI.

Materials and Methods

Subjects and DNA Samples. Venous blood was obtained from 200 unre-
lated healihy Japanese volunteers, and the patients were admitted to Tohoku
University Hospital. Written informed conseot was obtained from all blood
donors, and the study was approved by the Local Ethics Committee of Tohoku
University Hospital and Tohoku Pharmaceutical University. DNA was isolated
from K,EDTA-anticoagulated peripheral blood by using QlAamp DNA Mini

Kits (QIAGEN, Hilden, Germany) in accordance with the manufacturer's

instructions.

PCR Amplification. Table 1 lists the primer pairs that were used o amplify
the entire coding sequence and the exon-intron junctions of the CYP2W! gene.
These primers were designed based on the genomic sequence reported in
GenBank (accession number NT_007819). Amplicons of exon 1 were gener-
ated using the AmpliTag Gold PCR Master Mix (Applied Biosystems, Foster
City, CA). PCR reactions were performed using the iCycler (Bio-Rad, Her-
cules, CA). Moreover, the method relied on the combination of the slowdown
method (Bachmann et al., 2003) and the addition of betaine (Sigma-Aldrich.
St. Louis, MO) for the region with high GC content (>70%). The PCR
protocol was as follows: denaturation at 95°C for 5 min followed by 48 cycles
of denaturation at 95°C for 30 s, annealing for 30 s, extension at 72°C for 40 s,
and, finally, 15 additional cycfes with an annealing temperature of 60°C. The
amplicons for exons 2 to 9 were generated using the AmpliTaq Gold PCR
Master Mix and betaine addition. The PCR protocol was as follows: denatur-
ation at 95°C for 10 min followed by 30 or 35 cycles of denaturation at 95°C
for 30 s, annealing for 30 s, extension at 72°C for 30 s, and a final extension
at 72°C for 7 min. The annealing temperatures and PCR cycles for the
screening of CYP2W] variants are summarized in Table 1.

DHPLC Analysis. The PCR products were analyzed using the DHPLC
system (WAVE; Transgenomic, Omaha, NE) (Hiratsuka et al., 2004a,b; Ebi-
sawa et al., 2005; Hiratsuka et al., 2005; Hiratsuka et al., 2006; Sasaki et al.,
2006; Hanzawa et al., 2007). Unpurified PCR samples (5 ul) were separated
on a heated C18 reverse-phase column (DNASep) by using 0.1 M triethylam-
monium acetate in water.and 0.1 M triethylammonium acetate in 25% aceto-
nitrile at a flow rate of 0.9 mi/min. The software provided with the instrument
selected the temperature for the heteroduplex separation in the heterozygous
CYP2WI fragment. Table 1 summarizes the DHPLC ruoning conditions for
each amplicon. The linear acetonitrile gradient was adjusted to the retention
time of the DNA peak at 4 to § imin.

Homozygous nucleotide exchanges can occasionally be distinguished be-
cause of a slight shift in the elution time compared with the reference. The
addition of an approximately equal amount of wild-type DNA to the samples
(1:1) before the denaturation step enabled the reliable detection of homozy gous
alterations. This was performed routinely for all samples to identify homozy-
gous sequence variations. Therefore, all the samples were analyzed as follows:
first, the sample alone to detect heterozygotes; then, after mixing each sample
with wild-type DNA to detect homozygous variants. The resultant chromato-
grams were compared with those of the wild-type DNA.

Direct Sequencing. Both strands of samples with variants as determined by

DHPLC were analyzed using a CEQ 8000 automated DNA sequencer (Beck-
man Coulter, Fullerton, CA). We also sequenced all samples with chromato-
graphic findings that differed from the wild type to establish links between
mutations and specific profiles. We sequenced the PCR products by fluores-
cent dideoxy termination by using the DTCS DNA Sequencing Kit (Beckman
Coulter) in accordance with the manufacturer’s instructions.

Haplotype Analysis. To determine the linkage among the polymorphisms
identified in this stedy, PCR reactions were used to amplify long fragments
that were obtained from individuals who were heterozygous at sites of interest.
Long amplicons (5701 base pairs) were gencrated with LA Tag DNA poly-
merase (Takara, Kyoto, Japan). The PCR protocol was as follows: denaturation
at 95°C for 5 min followed by 30 cycles of denaturation at 95°C for 1 min.
annealing at 60°C for 1 min, extension at 68°C for 5 min, and a final extension
at 72°C for 7 min. The forward and reverse primers were 5°-ggacggggcccag-
gaggggagtgsa-3' and S5'-getgggaggggagtggtcaggagga-3', respectively. The
fragment was run on a low-melting gel, gel-purified, and ligated to the
pCR-XL-TOPO vector (Invitrogen, Carlsbad, CA). After ligation, the plasmid
was transfected into E. coli strain TOP10 {Invitrogen), and single colonies
(each containing a plasmid with only one of the two alleles) were grown and
subjected to plasmid isolation and sequencing using the CEQ 8000 automated
DNA sequencer. In cases of samples having both heterozygous 5601C>T and
166C>T, eight samples were cloned and sequenced to ascertain whether they
are found together on the same chromosome.

Results

DHPLC and Sequence Analysis. DHPLC analysis of the CYP2W!
gene for the 200 DNA samples obtained from Japanese individuals
revealed chromatographic profiles that were distinct from those of the
wild type for exons 1, 4, and 9. Direct sequencing analysis of the
deviant DNAs detected by DHPLC revealed a total of 6 different
polymorphisms, including 3 novel nonsynonymous polymorphisms
(GluS8Ala, Val432]le, and GInd482His), 2 known nonsynonymous
polymorphisms (Alai81Thr and Pro488Leu), and 1 silent SNP
(Leu561eu). The locations and frequencies of these polymorphisms
are described in Table 2. We did not observe any variants affecting the
recognition sequences of the exon-intron splice site or any variants
that would create new putative splice sites near the exon-intron
boundaries.

Haplotype Analysis. Based on the concomitant occurrence of the
SNPs among the individuals studied and the linkage analysis by the
cloning method, the different SNPs can be deduced to comprise 7
haplotypes, as described in-Fig. 1. A genomic reference sequence of
accession number NT_007819 was defined as the wild-type allele
CYP2WI#*]A. The other alleles were named according to the recom-
mendations of the CYP allele nomenclature committee (http//wvww.
cypalleles ki.se). The allelic vaniants (CYP2W1 *1B-CYP2W1#6) discov-
ered in this study have been submitted to the CYP alleles web page.

Allele and Genotype Frequencies. The frequency of the alleles
and genotypes discovered are listed in Fig. 1 and Table 3. respec-
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TABLE 2
Location of SNPs and frequencies of the CYP2WI gene in 200 DNA samples of Jap individual.
- — P o, oS et Frgire preee Femcy by

% . %
i 166 C>T C/iC 92 46.0(39.1-52.9) 44.9
(LeuS6Leu) crr 85 42.5 (35.6-49.4) 44.2
T 23 11.5(7.1-15.9) 10.9
] 173 A>C A/A 198 99.0 (97.6-100) 99.0
{Glu53Ala) AIC 2 1.0(0-2.4) 1.0

. Cic 0 0(0) 0
4 2008 G>A /G 198 99.0 (97.6-100) 99.0
(Alal81Thr) G/A 2 1.0(0-24) 1.0

A/A 0 0(0) 0
9 5432 G>A G/G 196 98.0(96.1-99.9) 98.0
- (Val4320e) GIA 4 2.0 (0.1-3.9) 2.0

A/A 0 0(0) 0
9 5584 G>C G/G 199 99.5 (98.5-100) 99.5
(Glnd82His) G/IC f 0.5 (0-1.5) 03

crc [V} 0(0) 0
9 5601 C>T C/C 80 40.0 (33.3-46.7) 40.1
(Pro488Leu) C/T a3 46.5(39.7-53.3) 46.4
T/T 27 13.5 (8.7-18.3) : 13.5

No. of alleles Ratio (%) of alleles
(n=400) (85% ClI)

crrwizs  — R - T .- 118 29.5 (25.0-34.0)

CYP2WI*IB —E:P—-—-—-—-—-—-—-—-_— 127 31.8 (27.2-36.4)

[66C>T
LeuS6Leu
CYP2WI*2 —:I}—-—-—E;'_l——-—-—-—-—-— 2 , 0.5 (0-1.2)
166C>T 2008G>A
Leu5S6Leu Alal81Thr
CYP2WI*3 W 2 0.5(0-1.2)
166C>T 173A>C
LeuS6Leu GluS8Ala
CrPIRI — - 3 0.8 (0-1.7)
‘ 5432G>A
Val432lle
CYP2WI~s w 1 0.3 (0-0.8)
' 5432G>A 5584G>C
Val432lle Glin482His
CYPIWI*6 m 147 36.8 (32.1-41.5)
5601C>T
Pro488Lecu

Fig. i. Allelic variants of the human CYP2W/ geae. Schematic representation of “wild-type™ allele for CYP2WI (CYP2W1*/A) and six variunt alleles. The numbering is
based on the first nucleotide of the initiation codon thut is represeated as 1. CYP2WI# alleles were named in accordance with the established nomenclature for the P450
alleles. The frequency of each CYP2WI* allele has been estimated on the population of 200 Japanese volunteers.

tively. CYP2WI1*6 was the most common among all the alleles. It  ulation followed those predicted by the Hardy-Weinberg law (Table
occurred at a frequency of 36.8% in our study population (Fig. 1). The  3). These results were in good agreement with the expected genotype
frequencies of the various genotypes observed in our Japanese pop-  distributions that were calculated using the Hardy-Weinberg equation.



3562

TABLE 3
Frequencies of CYP2W1 genotypes in Japanese individuals
. requency Predicied
CYPIWI Geooype N Of Sibjeas  Observed Frequency s HardléWunll:ag
5 %
CYP2WI*1A/*1A 21 10.5 (6.2-14.8) 8.7
CYP2WI*JA/*1B 33 16.5(11.5-21.6) 18.8
CYP2ZWI*IA/*3 2 1.0 (0-2.4) .5
CYP2WI1*1A/*S 1 0.5 (0-1.5) 0.2
CYP2WI*IA/*6 40 20.0 (14.5-25.5) 21.2
CYP2WI*IB/*IB 22 11.0¢(6.7-15.3) 10.1
CYP2WI*]18/*3 1 0.5(0-1.5) 93
CYP2WI31B/*6 49 24.5 (18.5-30.5) 234
CYP2WI*2/%6 2 1.6(0-24) 0.4
CYP2WI*3/¢6 } 0.5 (0-1.5) 0.4
CYP2WI1*4/%6 ! 0.5 (0-1.5) 0.6
CYP2WI*6/*6 27 13.5(8.8-18.2) 13.5
Discussion

In the present study, we performed a comprehensive investigation
of the genetic variations in CYP2W1/ gene. To screen for SNPs in the
coding region of this gene, we developed a PCR-DHPLC assay that
allows molecular analysis of each exon of the gene. The sequence
designated in the National Center for Biotechnology Information
as the genome reference sequence with the accession number
NT_007819 was defined as the wild-type allele CYP2WI*]A. Five of
the six SNPs detected in the CYP2W1 gene in the DNA samples of
200 Japanese subjects resulted in amino acid substitutions. The alleles
carrying these alterations were named CYP2WI*2-CYP2WI1%6 by
the CYP allele nomenclature committee. The variant allele carrying
the silent SNP (166C>T, Leu56Leu) was defined as CYP2WI1*1B.
The most frequent variant allele was CYP2WI*6, followed by
CYP2W1*IB and CYP2WI*]A, and their frequencies were observed
to be 0.368, 0.318, and 0.295, respectively. Three novel nonsynon-
ymous SNPs, 173A>C (Glu58Ala), 5432G>A (Val432lle), and
5584G>C (GInd82His), identified in this study were rare, with allele
frequencies <1%.

Homology modeling of the human CYP2 family enzymes based on
the CYP102 crystal structure (Lewis, 1998) lead to speculation that
Val4321le is located at the heme-binding region. The important region
called “P450 signature motif region” comprises the 10-residue P450
signature motif that contains the invariant cysteine that forms the
proximal heme ligand. This region and the following i-helix represent
one of the most highly conserved sections. This homologous segment
is associated with the binding of both heme and redox partners with
the common motif Phe-X-X-Gly-X-Arg-X-Cys-X-Gly. In wild-type
CYP2WI*IA, this motif is Phe-Ser-Ala-Gly-Arg-Arg-Val-Cys-Val-
Gly; in CYP2WI*4 and CYP2WI1#*5, including Val432lle, the first
valine is changed to isoleucine (Phe-Ser-Ala-Gly-Arg-Arg-Ile-Cys-
Val-Gly). For example, the Pro428Thr substitution of CYP2B6
(CYP2B6*21) in the same region has been clearly identified as being
responsible for the decreased protein stability (Klein et al, 2005).
Therefore, the homologous segment of the CYP2 family, including
CYP2W], might be closely associated with enzyme activity. Further
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studies, such as the use of the recombinant CYP2W1 protein, are
required to confirm the function of these variant enzymes.

Karlgren et al. (2006) have reported that CYP2W1 mRNA was
detected by real-time PCR of human tumor cells; the highest expres-
sion was in colon tumors, but moderate expression was also observed
in several adrenal gland tumor cells. They also suggest that CYP2W1
is potentially an important drug target or a useful molecular marker
for cancer therapy and diagnosis (Karlgren and Ingelman-Sundberg,
2007). If this is the case, further understanding of the nature of
CYP2W1 would be important for cancer therapy.

In summary, this comprehensive investigation of the polymor-
phisms in the coding region of the CYP2WI gene identified 6 variant
CYP2W1 alleles (CYP2WI*IA-CYP2WI*6). In vitro analysis of re-
combinant mutated cDNAs as well as phenotyping studies will help in
determining the functions of the identified variants.
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